Adenovirus type 3 (Ad3) isolates, isolated from 45 patients with acute conjunctivitis during the year 1990 in Japan, were studied by DNA restriction enzyme analysis with restriction endonucleases recognizing 6-bp sequences (BamHI, SmaI, HindIII, BglII) and endonucleases recognizing 5-or 4-bp sequences (HinfI and TaqI). All 45 isolates of Ad3 were identified as the genome type Ad3f by six endonucleases. They were further classified into three varieties by HinfI, varieties H 1 (87.5%), H 2 (8.9%), and H 3 (2.2%), and into five varieties by TaqI, varieties T 1 (75.6%), T 2 (13.3%), T 3 (2.2%), T 4 (4.5%), and T 5 (8.9%). The use of HinfI and TaqI was sufficient to distinguish six subgenome types: types Ad3fH 1 T 1 , Ad3fH 1 T 2 , Ad3fH 1 T 4 , Ad3fH 1 T 5 , Ad3fH 2 T 1 , and Ad3fH 3 T 3 . Among them, Ad3fH 1 T 1 was predominant in areas where the virus is epidemic. The study showed that the same Ad3 genome type, genome type Ad3f, caused acute viral conjunctivitis even in different areas in Japan. The source and the route of infection were suggested to be common in areas where the virus is epidemic.
Human adenovirus causes a variety of diseases such as acute respiratory, ocular, gastrointestinal, and urinary tract infections (6, 20, 21) . Until now, 49 serotypes have been known (18) . Among them adenovirus types 3 (Ad3), 4, 8, 19 , and 37 have been found to be responsible for a large majority of adenovirus conjunctivitis cases in Japan (2, 17) . Ad3 is one of the most important etiological agents of infectious conjunctivitis, which causes pharyngoconjunctival fever (PCF) and epidemic keratoconjunctivitis (7, 8) . Among the various adenoviruses in Japan, between 1986 and 1991 Ad3 was the most frequently isolated adenovirus (15) .
Recently, many genome types have been recognized in adenovirus strains by using restriction endonuclease (RE) analysis, and this genome typing method is an extremely useful tool in the field of epidemiology (1, 5, 10) . In Ad3, Guo et al. (9) classified two genome types, Ad3f and Ad3g, that were isolated at an eye clinic in Sapporo using REs recognizing 6-bp sequences without any additional enzyme and recognized Ad3f and Ad3g as simple types of Ad3 isolated recently in Japan. Furthermore, Itakura et al. (13) subdivided Ad3f isolates from Japan into 11 subgenome types using REs recognizing 5-and 4-bp sequences and recognized the alteration of prevalent Ad3 strains. Therefore, more detailed study of genome types was needed to monitor the alterations occurring in prevalent strains.
In order to know the alterations occurring in prevalent Ad3 strains and to know how these alterations are related to different geographic areas, time periods, and clinical conditions (3, 4, 12, 13) , we assessed genome variants using REs recognizing 6-, 5-, and 4-bp sequences and analyzed Ad3 strains isolated from patients with conjunctivitis in Japan.
MATERIALS AND METHODS
Forty-five strains of Ad3 were isolated from the conjunctival swabs of patients who attended 11 eye clinics in Japan from July to December 1990. The viruses were isolated from 21 patients with PCF (57.8%), 15 patients with epidemic keratoconjunctivitis (33.3%), and 4 patients with acute conjunctivitis (8.9%). The geographic distributions of the patients are listed in Table 1 . Among the 17 strains isolated from Kanagawa, 15 strains were isolated in one eye clinic from August to October 1990.
All strains were propagated in HEp-2 cells. Viral DNA was directly prepared from the infected cells and was treated with phenol and precipitated with isopropanol as described previously (11, 13, 19) . The GB strain of Ad3 was obtained from the American Type Culture Collection and was used as the prototype (genome type Ad3p).
For restriction analysis of viral DNA, four REs recognizing 6-bp sequences BamHI, SmaI, HindIII, and BglII (Takara Shuzo Co., Kyoto, Japan) were used to identify the genome types of the Ad3 strains. To further classify the genome types, two REs, HinfI and TaqI (Takara Shuzo Co.), which recognize penta-and tetranucleotide sequences, respectively, were used. The resulting subclasses of genome types were provisionally called subgenome types. Enzyme digestion of viral DNA was carried out with 1 g of DNA, as recommended by the supplier of the enzymes.
The DNA digested by REs recognizing 6-bp sequences was separated by electrophoresis in 1.2% agarose horizontal gels, which were prepared and run in 10 mM Tris-acetate buffer (pH 8.0) with 1 mM EDTA at 85 V. For classification of the subgenome type, the DNA fragments generated by digestion with HinfI and TaqI were separated with 5% polyacrylamide gels which were prepared and * Corresponding author. run in Tris-borate buffer (pH 8.0) with 0.5 mM EDTA at 100 V. After staining with ethidium bromide (0.5 g/ml), the DNA bands in the gels were photographed with a UV transilluminator.
RESULTS
The DNA restriction patterns of representative Ad3 isolates with BamHI, SmaI, HindIII, and BglII were similar to those of genome type Ad3f (9) . For the restriction patterns obtained with HindIII, no difference was found between Ad3p and all other Ad3 isolates. With BamHI, SmaI, and BglII, 45 isolates showed identical restriction patterns with each of the enzymes, but they did not correspond to those for Ad3p.
The DNA restriction patterns of representative Ad3 isolates obtained with HinfI and TaqI are shown in Fig. 1 ; Ç, common fragments of Ad3p and all isolated strains; E, common fragments in lanes 1 to 12; 4, new fragment compared with the fragments in lanes 1 to 9; å, missing fragment compared with the fragments in lanes 1 to 9. Among the 45 isolates, 15 were obtained from an eye clinic in Kanagawa. Among the patients from whom the Ad3 isolates were obtained, 80% had PCF, and 42% of the cases of PCF occurred in children and 58% of the cases of PCF occurred in adults. During the summer months, the conjunctivitis epidemic occurred as an outbreak in a kindergarten in this area, and a distinct peak of infections was observed from August to September. Eighty percent of all of the strains were subgenome type Ad3fH 1 T 1 . Two familial occurrences of Ad3 conjunctivitis were seen, and the strains obtained from the family members showed the same subgenome type, type Ad3fH 1 T 1 .
DISCUSSION
The molecular epidemiology and global distribution of Ad3 genome types were described elsewhere. Li and Wadell (14) VOL. 34, 1996 GENOME ANALYSIS OF Ad3 415
on January 20, 2018 by guest http://jcm.asm.org/ in the Glasgow and London areas of the United Kingdom and found that Ad3p, Ad3a, and Ad3c appeared repeatedly in 1982. Guo et al. (9) reported that the prevalent genome types of Ad3 isolated from patients with acute conjunctivitis in Japan were simple, and the only genome types found were Ad3f and Ad3g by using the REs BamHI, SmaI, HindIII, and BglII. In the present study, 45 Ad3 strains isolated from patients with PCF, epidemic keratoconjunctivitis, and acute conjunctivitis showed only one genome type with a combination of BamHI, SmaI, HindIII, and BglII, and the restriction pattern corresponded to that of genome type Ad3f reported by Guo et al. (9) . The results of the present study indicate that the same Ad3 genome type caused acute viral conjunctivitis in different areas of Japan during 1990. In order to examine the epidemic of adenovirus infections in local microenvironments in detail, we used REs recognizing 4-or 5-bp sequences and compared the results with those of Itakura et al. (13) . Because the experimental methods were different between our study and the study of Itakura et al. (13) , that is, the speed and temperature of electrophoresis and the staining method, the DNA patterns were compared ( Fig. 2 and  3 ). The comparison with HinfI is shown in Fig. 2 . All of the isolated strains showed changes in the region at about 800 to 1,300 bp in 1990, but just a few changes were observed between 1983 and 1986. The comparison with TaqI is shown in Fig. 3 . All of the strains isolated in 1990 showed changes in fragments at about 2,000 bp, whereas Itakura et al. (13) observed a lot of changes at about 300 to 700 bp in isolates obtained between 1983 and 1986. The total number of base pairs from the isolates obtained in 1990 exceeds that of those in the isolates obtained between 1983 and 1986. An explanation in relation to viral DNA replication would be that some recombined and may have formed a larger fragment. Thus, we conclude that all of the strains isolated in 1990 showed new subgenome types compared with those of the strains isolated from 1983 through 1986.
The chronological arrangement of subgenome types indicated the slight alteration of adenovirus DNA in each year from 1983 to 1986. The subgenome type that occurred in a nonepidemic season in winter may cause an epidemic outbreak in the next summer. In the years in which only a few Ad3f strains were isolated, however, the subgenome types of such strains tended to be new members and their possible derivatives and were found only in those years (13) . Comparing the subgenome types of the isolates obtained in 1990 with those of the isolates obtained in the previous 4 years, the same genome type showed the chronological changes. The Ad3 subgenome types had different geographic distributions in the present study. Although the Ad3 subgenome type in the areas where there was an epidemic outbreak tended to be the same, it was different in areas where there were sporadic cases.
Among 45 patients with Ad3f conjunctivitis, 58% had a diagnosis of PCF, 33% had a diagnosis of epidemic keratoconjunctivitis, and 9% had a diagnosis of acute conjunctivitis, with various clinical symptoms. However, in the present study, there is no support for the case that different ocular symptomologies are related to the different Ad3 subgenome types. Therefore, the relationship between clinical symptoms and the subgenome type of Ad3 is still obscure, and further extensive studies are need.
